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(57) ABSTRACT

An assembly of an axially extending member, made of a first
material, in an aperture of a part, made of a second material
having no plastic domain. The part includes pierced holes
forming an elastic deformation mechanism distributed
around the aperture thereof. Further, the member includes an
elastically and plastically deformed, radially flared portion
that radially grips a wall of the part surrounding the aperture
by stressing the elastic deformation mechanism, so as to
secure the assembly in a manner that is not destructive for the
part. The assembly can be used in the field of timepieces.

14 Claims, 4 Drawing Sheets
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1
ASSEMBLY OF A PART THAT HAS NO
PLASTIC DOMAIN

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a National Phase Application in the United States of
International Patent Application PCT/EP2011/070693 filed
Nov. 22, 2011, which claims priority on European Applica-
tion No. 10196597 .8 of Dec. 22, 2010. The entire disclosures
of the above patent applications are hereby incorporated by
reference.

FIELD OF THE INVENTION

The invention relates to the assembly of a part, made of a
material having no plastic domain, to a member comprising a
different type of material.

BACKGROUND OF THE INVENTION

Current assemblies including a silicon-based part are gen-
erally secured by bonding. This type of operation requires
extremely delicate application which makes it expensive.

SUMMARY OF THE INVENTION

It is an object of the present invention to overcome all or
part of the aforecited drawbacks by providing an adhesive-
free assembly which can secure a part made of a material with
no plastic domain to a member comprising a ductile material,
such as, for example, a metal or metal alloy.

The invention therefore relates to an assembly of an axially
extending member, made of a first material, in the aperture of
a part made of a second material having no plastic domain,
characterized in that the part includes pierced holes forming
elastic deformation means distributed around the aperture
therein and in that said member includes an elastically and
plastically deformed, radially flared portion which radially
grips or champs the wall of said part surrounding the aperture,
by stressing said elastic deformation means to secure the
assembly in a manner that is not destructive for said part.

This configuration advantageously enables the unit com-
prising the part-member to be secured without bonding to an
ordinary, precision controlled member, while ensuring that
the part is not subject to destructive stresses, even ifis formed,
for example, from silicon.

In accordance with other advantageous features of the
invention:

The shape of the flared portion substantially matches the
aperture in the part so as to exert a substantially uniform
radial stress on the wall of the part surrounding said
aperture;

The aperture in the part is circular;

The aperture in the part is asymmetrical to prevent any
relative movements between the elements of said assem-
bly;

The pierced holes are formed at a distance from and around
the aperture by two series of diamond-shaped holes,
distributed in a quincunx arrangement, so as to form
beams arranged in secant V-shapes:

The pierced holes include, between the first two series and
the aperture, a third series which is formed of triangular
holes and arranged in a quincunx arrangement with one
of the first two series, so as to form beams distributed in
secant X-shapes;
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The part includes slots allowing communication between
the third series of holes and the aperture;

The pierced holes are formed at a distance from and around
the aperture by a first series of oblong holes distributed
in a quincunx arrangement with a second series of tri-
angular holes, wherein the second series is the closest to
the aperture and each triangular hole communicates with
the aperture via a notch, so as to form beams that are
radially moveable according to the thickness of the
oblong holes;

The pierced holes include a third series of holes in a tri-
angle, each hole of the third series being distributed
between two triangular holes of the second series and
communicating with the aperture via a slot, so as to form
beams with two independent arms that are moveable
radially according to the thickness of the oblong holes
and tangentially according to the thickness of the slots;

The series of holes extend over a width comprised between
100 pum and 500 um from the wall of the part surrounding
the aperture;

The aperture has a section of between 0.5 and 2 mm.

Moreover, the invention relates to a timepiece, character-
ized in that it includes an assembly according to any of the
preceding variants.

Finally, the invention relates to a method of assembling an
axially extending member, made of a first material, in a part
made of a second material having no plastic domain. The
method includes the following steps:

a) Forming the part with an aperture and pierced holes
distributed around the aperture intended to form elastic
deformation means.

b) Inserting a radially flared portion of said member into
the aperture, without any stress.

¢) Elastically and plastically deforming the flared portion
of said member in the aperture by moving two tools
towards each other axially, respectively on the top and
bottom parts of said flared portion, so as to exert a radial
stress against the wall of the part surrounding the aper-
ture, stressing said elastic deformation means of the part,
in order to secure the assembly in a manner that is not
destructive for said part.

This method advantageously allows the member to be radi-
ally secured without any axial stress being applied to the part.
Indeed, advantageously according to the invention, only
radial, elastic deformation is applied to the part. Finally, this
method unites the assembly comprising the part-member by
adapting to the dispersions in manufacture of the various
components.

In accordance with other advantageous features of the
invention:

The shape of the external wall of the flared portion of said
member in the aperture substantially matches the aper-
ture in the part, so as to exert a substantially uniform
radial stress on the wall of the part surrounding the
aperture;

The aperture in the part is circular;

The aperture in the part is asymmetrical to prevent any
relative movements between the elements of said assem-
bly;

In step b), the difference between the section of the circular
aperture and the external section of the flared portion of
said member in the aperture is around 10 um;

In step ¢), the deformation exerts a clamping force that
generates a displacement of between 8 and 20 um;

In steps b) and c), the flared portion of the member in the
aperture is held in the aperture by using one of the two
tools;
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The second material is silicon-based;

The first material is formed from a metal or metal alloy
base;

The part may be, for example, a timepiece wheel set, time-
piece pallets, a timepiece balance spring, a resonator or
even a MEMS.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages will appear clearly from the
following description, given by way of non-limiting indica-
tion, with reference to the annexed drawings, in which:

FIG. 1 is a partial, schematic view of a timepiece move-
ment including three assemblies according to the invention;

FIG. 2 is a partial, schematic view of a timepiece balance
spring including a fourth assembly according to the inven-
tion;

FIGS. 3 to 6 are views of variants of a first embodiment of
elastic deformation means according to the invention;

FIGS. 7 and 8 are views of variants of a second embodi-
ment of elastic deformation means according to the invention;

FIGS. 91011 are schematic diagrams of successive steps of
the assembly method according to the invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

As explained above, the invention relates to an assembly
and the method of assembling the same, for uniting a fragile
material, i.e. which has no plastic domain, such as a silicon-
based material, with a ductile material such as a metal or
metal alloy.

This assembly was devised for applications within the field
ot horology. However, other domains may very well be envis-
aged, such as, notably, aeronautics, jewelry, the automobile
industry or tableware.

In the field of horology, this assembly is required due to the
increasing importance of fragile materials, such as those
based on silicon, quartz, corundum or more generally ceram-
ics. By way of example, it is possible to envisage forming the
balance spring, balance, pallets, bridges or even the wheel
sets, such as the escape wheels, completely or partially from
a base of fragile materials.

However, the constraint of always having to use ordinary
steel arbours, the fabrication of which has been mastered, is
difficult to reconcile with the use of parts having no plastic
domain. Indeed, when tests were carried out, it was impos-
sible to drive in a steel arbour and this systematically broke
fragile parts, i.e. those with no plastic domain. For example,
it became clear that the shearing generated by the entry of the
metallic arbour into the aperture in a silicon part systemati-
cally breaks the part.

This is why the invention relates to the assembly of an
axially extending member, made of a first material, for
example a ductile material such as steel, in the aperture of a
part made of a second material having no plastic domain, such
as a silicon-based material, by deforming a portion of the
member which is mounted in the aperture of said part.

According to the invention, said member includes a radi-
ally flared portion that is elastically and plastically deformed
s0 as to radially grip or clamp the wall of said part surround-
ing the aperture, by stressing the elastic deformation means
thereof, in order to secure the assembly in a manner that is not
destructive for said part.

Moreover, in a preferred manner, the shape of the radially
flared portion of the member present in the aperture substan-
tially matches the aperture in the part, so as to exert a sub-
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stantially uniform radial stress on the wall of the part sur-
rounding said aperture. Indeed, when research was carried
out, it was clear that it was preferable for the flared portion of
the member present in the aperture to uniformly distribute the
radial stresses induced by its deformation on the wall of the
part surrounding the aperture.

Consequently, if the aperture in the fragile part is circular,
it is preferable for the external wall of the flared portion of the
member present in the aperture to be substantially in the shape
of a continuous cylinder, i.e. with no radial slot or axial
pierced hole, to prevent any localised stresses on a weak
portion of the wall of the part surrounding the aperture, which
could start to cause breaking points.

Of course, the shape of the aperture in the fragile part may
differ, for example by being asymmetrical, to prevent any
relative movements between the elements of the assembly.
This asymmetrical aperture may therefore be, for example,
substantially elliptical.

This interpretation also justifies not using a washer on the
top or bottom part of the flared portion of the member present
in the aperture. Indeed, during the deformation, this type of
washer would transmit part of the axial deformation force
onto the top (or the bottom) of the fragile part. Hence, the
shearing exerted, in particular, by the edges of the washer on
the top (or bottom) of the fragile part similarly generates
localised stresses that could cause breaking points.

Consequently, if the section of the aperture is circular, the
flared portion of the member present in the aperture (the shape
of which matches the aperture) may be interpreted as an
unbroken disc with continuous external walls, i.e. without
any grooves or more generally any discontinuity of material.
Thus, via elastic and plastic deformation, the matching shape
of the flared portion of the member present in the aperture
therefore enables a substantially uniform radial stress to be
generated over a maximised surface area of the wall of the
part around the aperture.

Finally, according to the invention, the part includes
pierced holes forming elastic deformation means, which is
distributed around and at a distance from the aperture and
which is intended to absorb said radial forces and to release
them once the stress from the tools has been relaxed so as,
eventually, to secure the assembly in a manner that is not
destructive for said part.

The assembly according to the invention will be better
understood with reference to FIGS. 1 to 8 showing example
applications within the field of horology. FIG. 1 shows a
timepiece escape system, including pallets 1 and an escape
wheel 3 and FIG. 2 shows a balance spring 61.

In the case of FIG. 1, the pallets 1 for example include two
assemblies 2, 12 according to the invention, respectively for
securing the dart 7 and the member, which here is a pivot pin
17, with the lever 5 thereof. As seen in FIG. 1, each assembly
2, 12 includes a radially flared portion 4, 14, which is sub-
stantially disc-shaped and integral with dart 7 or member 17
and cooperates with lever 5 of pallets 1. Moreover, each
assembly 2, 12 includes pierced holes 6,16 which are made in
lever 5 around an aperture 8, 18 and are intended to form
elastic deformation means. It is thus clear that assembly 2, 12
is sufficiently resistant to avoid generating relative move-
ments between its components.

The escape wheel 3, and more generally wheel set 3
includes, by way of example, an assembly 22 for securing the
member, which here is pivot pin 27, to body 25 of wheel 3. As
seen in FIG. 1, assembly 22 includes radially flared portion
24, which is substantially disc-shaped and integral with mem-
ber 27 and cooperating with the body 25 of wheel 3. More-
over, assembly 22 includes pierced holes 26, which are made
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in the hub around an aperture 28 in wheel 3 and intended to
form elastic deformation means.

It is thus immediately clear that the example assembly 22
can be applied to any type of wheel set. Further, in addition to
flared portion 24, member 27 may comprise an integral pinion
so as to form the finished wheel set.

Thus, as illustrated in FIG. 2, it is possible to fix a balance
spring 61 to a member, which here is a balance staff 67, by
using an assembly 62 according to the invention. Pierced
holes 66 are formed in the collet 63 of balance spring 61 and
disc-shaped portion 64, integral with member 67, is mounted
in the aperture 68 in collet 63 in a similar manner to the
explanation provided hereinbefore.

Examples of pierced holes are shown in FIGS. 3 to 8.
According to a first embodiment illustrated in FIGS. 3 to 6,
the pierced holes are formed at a distance from and around the
aperture by two series of diamond-shaped holes distributed in
a quincunx arrangement so as to form beams arranged in
secant V-shapes.

FIG. 3 is a diagram of pierced holes 6, 16, 26, 66 of FIGS.
1 and 2. For more simplicity, only the wheel 3 references are
used again in FIG. 3. FIG. 3 shows pierced holes 26, which
preferably pass through the entire thickness of body 25, made
of fragile material. Pierced holes 26 are distributed at a dis-
tance from and around aperture 28 which is also preferably
formed to pass through the entire thickness of body 25 made
of fragile material.

As seen in FIG. 3, pierced holes 26 form a first series of
holes 31, the farthest from aperture 28, and a second series of
holes 33, which are diamond-shaped and in a quincunx
arrangement. FIG. 3 shows that pierced holes 31, 33 thus form
V-shaped beams 32 which are secant to each other.

In a first variant of the first embodiment illustrated in FIG.
4, pierced holes 26' again comprise the first and second series
of holes 31, 33 with the addition of a third series, which,
formed of triangular holes 35, is located between the first two
series and aperture 28, i.e. it is the closest to aperture 28. As
seen in FIG. 4, the third series of holes 35 is distributed in a
quincunx arrangement with one 33 of the first two series, so as
to form X-shaped secant beams 34.

In a second variant of the first embodiment illustrated in
FIG. 5, the pierced holes 26" again comprise the pierced holes
26' of FIG. 4 with the addition of slots 36, via which the third
series of holes 35 communicate with aperture 28.

Advantageously, according to the invention, the series of
holes 31, 33 and 35 and slots 36 are used to form elastic
deformation means capable of absorbing radial stresses, i.e.
forces exerted from the centre of aperture 28 towards the wall
of body 25 surrounding said circular aperture.

Of course, the two or three series may be closer to or further
from each other and/or of different shapes and/or different
dimensions according to the maximum desired clearance and
the desired stress for deforming beams 32, 34.

By way of example, an alternative to FIG. 5 is shown in
FIG. 6. It can be seen that pierced holes 26" are similar to
those 26" of FIG. 5. However, the three series of holes are
spaced further apart from each other. Further, it can be seen
that the shapes and dimensions of both the holes and slots are
different. It is thus clear that the alternative of FIG. 6 alters the
rigidity of the elastic deformation means in the fragile mate-
rial.

Preferably, pierced holes 26, 26', 26", 26" extend over a
width comprised between 100 um and 500 pm from the wall
of body 25 surrounding aperture 28. Further, slots 36 are
comprised between 15 pm and 40 um. Finally, the section of
aperture 28 is preferably comprised between 0.5 and 2 mm.
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According to a second embodiment illustrated in FIGS. 7
and 8, the pierced holes are formed at a distance from and
around the aperture by a first series of oblong holes distrib-
uted in a quincunx arrangement with a second series of trian-
gular holes, the second series being closest to the circular
aperture, each triangular hole communicating with the aper-
ture via a notch so as to form beams that are radially moveable
according to the thickness of the oblong holes.

Thus, FIG. 7 shows pierced holes 46 which preferably pass
through the entire thickness of body 25, made of fragile
material. Pierced holes 46 are distributed at a distance from
and around aperture 28 which is also preferably formed to
pass through the entire thickness of body 25 made of fragile
material.

As seen in FIG. 7, pierced holes 46 form a first series of
oblong holes 51 and a second series of triangular holes 53.
According to the second embodiment, the two series of holes
51, 53 are arranged in a quincunx arrangement.

Further, each triangular hole 53 communicates with aper-
ture 28 via anotch 57. FIG. 7 shows that pierced holes 46 thus
form substantially trapezium shaped beams 52 which are
separated from each other by notches 57. It is also noted that
each beam 52 is centred on an oblong hole 51, which makes
each beam 52 radially moveable according to the thickness of
an oblong hole 51.

In a variant of the second embodiment illustrated in F1G. 8,
pierced holes 46' again comprise the pierced holes 46 of F1G.
7, with the addition of a third series of triangular holes 55.
Further, each hole 55 of the third series is arranged between
two triangular holes 53 of the second series and communi-
cates with aperture 28 via a slot 56. The pierced holes 46' thus
form beams 54 with two independent symmetrical and sub-
stantially L-shaped arms, which are radially moveable
according to the thickness of oblong holes 51 and tangentially
according to the thickness of slots 56 and notches 57.

Of course, as in the first embodiment, the two or three
series may be closer to or further from each other and/or of
different shapes and/or of different dimensions according to
the maximum desired clearance and the desired stress for
deforming beams 52, 54.

Preferably, pierced holes 46, 46' extend over a width com-
prised between 100 um and 500 um from the wall of body 25
surrounding aperture 28. Further, slots 56 and notches 57 are
comprised between 15 pm and 40 um. Finally, the section of
aperture 28 is preferably comprised between 0.5 and 2 mm.

The method of assembly will now be explained with ref-
erence to the schematic FIGS. 9 to 11. For more simplicity,
only the wheel 3 references are used again in FIGS. 9 to 11.
According to the invention, a first step consists in forming
part 3 from a material having no plastic domain, with an
aperture 28 and pierced holes 26, which are distributed
around aperture 28 and intended to form elastic deformation
means, in accordance, for example, with the embodiments
explained hereinbefore. As seen in FIG. 9, aperture 28 has a
section e, and pierced holes 26 include holes of section e,.

This step may be achieved by dry or wet etching, for
example DRIE (deep reactive ionic etching).

Further, in a second step, the method consists in forming
the axially extending member, which is a pivot pin 27 in the
example of FIGS. 9 to 11, in a second material with a main
section e; and a radially flared portion 24, which is intended
to be deformed, with a maximum section e,. Portion 24 may
have a thickness of between 100 and 300 um. As explained
hereinbefore, the second step can be carried out in accordance
with usual arbour fabrication processes. Member 27 is pref-
erably metal and may for example be formed of steel.
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Of course, the first two steps do not have to observe any
particular order and may even be performed at the same time.

In a third step, flared portion 24 is inserted into aperture 28
without any contact. This means, as seen in FIG. 10, that the
section e, of aperture 28 is larger than or equal to the external
section e, of flared portion 24 of member 27.

Preferably, the difference between the section e, of aper-
ture 28 and the external section e, of flared portion 24 is
approximately 10 um, i.e. a gap of'around 5 um, which sepa-
rates body 25 of part 3 relative to flared portion 24 of member
27.

Further, preferably, according to the invention, flared por-
tion 24 and, incidentally, member 27, is held in aperture 28 via
one 21 of the tools 20, 21 used for the deformation step.
Finally, in a preferred manner, tool 21 includes a recess 29 for
receiving a portion of member 27.

Finally, the method includes a fourth step, which consists
in elastically and plastically deforming flared portion 24 of
member 27 by moving tools 20, 21 towards each other in axial
direction A, so as to exert a uniform radial stress B against the
wall of the part 3 surrounding aperture 28 by stressing the
elastic deformation means of part 3, i.e. pierced holes 26.

Thus, as seenin FI1G. 11, the pressing on the top and bottom
parts of deformed flared portion 24, respectively by tool 20
and 21, in the axial direction A, will induce an exclusively
radial, elastic and plastic deformation of flared portion 24 in
direction B, i.e. towards body 25.

Preferably according to the invention, the parameters of the
deformation are set so that the clamping force is greater at the
gap between the non-deformed flared portion 24 and the wall
of'body 25 surrounding aperture 28. Preferably, the clamping
force generates a displacement which is comprised between 8
and 20 pm.

Consequently, the elastic and plastic deformation of flared
portion 24 causes the elastic deformation of body 25 around
aperture 28, so as to secure member 27, and thus its deformed
flared portion 24, to body 25 of wheel 3, as seen in FIG. 11.
This elastic deformation automatically centres the assembly
comprising member 27-body 25. In this regard, FIG. 11
shows that the pierced holes 26 have a section referenced e,
and no longer e,.

Advantageously according to the invention, it is possible to
secure member 27 from any side of body 25 of wheel 3.
Further, no axial force (which by definition is likely to be
destructive) is applied to body 25 of wheel 3 during the
process. Only radial elastic deformationis applied to body 25.
It is also to be noted that the use of the radially flared portion
24 preferably allows uniform stress to be exerted on a maxi-
mised surface area of the wall of body 25 around circular
aperture 28, during the radial deformation B of flared portion
24, in order to avoid causing any breaking points in the fragile
material of wheel 3 and to adapt to any dispersions in fabri-
cation of the various components.

Of course, this invention is not limited to the illustrated
example but is capable of various variants and alterations that
will appear to those skilled in the art. In particular, the pierced
holes of the part made of fragile material may include more or
fewer series of holes than the embodiments presented here-
inbefore. Moreover, the embodiments presented here may be
combined with each other depending upon the intended appli-
cation.

Radially flared portion 24 may also have a different geom-
etry so as to optimise or “programme” the deformation
towards body 25. For example, it is possible to envisage
locally minimising or increasing the thickness of flared por-
tion 24 so as to favour one sense of deformation relative to the
other in direction B. By way of example, it is therefore pos-
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sible to envisage making a conical recess coaxial to member
27, so as to facilitate radial orientation B, but also to make the
induced stress progressive.

FIGS. 1 and 2 show applications for an escape system, such
as pallets 1 and escape wheel 3, or a balance spring 61 of a
timepiece movement. Of course, the present assembly 2, 12,
22, 62 may be applied to other elements. It is possible to
envisage forming a balance, a bridge or, more generally, a
mobile part using an assembly 2, 12, 22, 62 as explained
above, but this is not an exhaustive list.

It is also possible to use the assembly 2, 12, 22, 62 in place
of elastic means 48 or the cylinders 63, 66 of WO Patent No.
2009/115463 so as to fix a single-piece sprung balance reso-
nator to a pivot pin.

Of course, two parts like those described hereinbefore may
also be secured to the same arbour using two distinct assem-
blies 2, 12, 22, 62 so as to make their respective movements
integral. It is clear that the same arbour will be formed with
two radially flared portions 4, 14, 24, 64, which are intended
to be deformed.

Finally, assembly 2, 12, 22, 62 according to the invention
can also unite any type of timepiece or other member, whose
body is formed of a material having no plastic domain (sili-
con, quartz, etc.) with an arbour, such as, for example, a
tuning fork resonator or more generally a MEMS (Microelec-
tromechanical system).

The invention claimed is:

1. A method of assembling an axially extending member
made of a first material in a part made of a second material
having no plastic domain, comprising:

a) forming the part with an aperture and pierced holes
distributed around the aperture intended to form elastic
deformation means;

b) inserting a radially flared portion of said member into the
aperture without any stress;

c) elastically and plastically deforming the flared portion of
said member in the aperture by moving two tools
towards each other axially, respectively on top and bot-
tom parts of said flared portion, so as to exert a radial
stress against the wall of the part surrounding the aper-
ture, by stressing said elastic deformation means of the
part, in order to secure the assembly in a manner that is
not destructive for said part.

2. The method according to claim 1, wherein a shape of an
external wall of the flared portion of said member substan-
tially matches the aperture of the part, so as to exert a sub-
stantially uniform radial stress on the wall of the part sur-
rounding the aperture.

3. The method according to claim 1, wherein the aperture
of'the part is circular.

4. The method according to claim 1, wherein the aperture
of the part is asymmetrical to prevent any relative movement
between elements of said assembly.

5. The assembly method according to claim 1, wherein, in
b), the difference between the section of the circular aperture
and the external section of the flared portion of said member
in the aperture is approximately 10 um.

6. The assembly method according to claim 1, wherein, in
¢), the deformation exerts a clamping force which generates a
displacement comprised between 8 and 20 um.

7. The assembly method according to claim 1, wherein, in
b) and c), the flared portion of the member in the aperture is
held in the aperture via one of the two tools.

8. The assembly method according to claim 1, wherein the
second material is silicon-based.

9. The assembly method according to claim 1, wherein the
first material is formed from a metal or metal alloy base.
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10. The assembly method according to claim 1, wherein the
part is a timepiece wheel set.

11. The assembly method according to claim 1, wherein the
part is timepiece pallets.

12. The assembly method according to claim 1, wherein the 5
part is a timepiece balance spring.

13. The assembly method according to claim 1, wherein the
part is a resonator.

14. The assembly method according to claim 1, wherein the
part is a MEMS. 10



